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During infection, most pathogenic bacteria deliver proteins to the host cell cytoplasm to manipulate host
behavior. In this issue of Cell Host & Microbe, Spano` and colleagues describe a system where a bacterium
produces an exotoxin while inside the host cell. Only after this exotoxin is transported to the mammalian
cell surface and secreted into the extracellular milieu can it intoxicate the infected cell or noninfected distant
cells.During the last decade, highly sophisti-
cated mechanisms have been described
for how microbial pathogens interact
with host cells and modulate their func-
tions during infection (Cossart and Sanso-
netti, 2004). Modulation of host cell func-
tions is often mediated by proteins of
bacterial origin that are introduced into
the host cell cytoplasm. A variety of means
have been described that allow transloca-
tion of bacterial proteins. Many Gram-
negative bacteria, for example, possess
type III or type IV secretion machineries,
which are molecular syringes that span
both bacterial membranes as well as that
of the host and allow transport of proteins
from the bacteria into the host cytoplasm
(Troisfontaines and Cornelis, 2005). For
Gram-positive bacteria, it has been pro-
posed that localized secretion in combi-
nation with pore formation by an exotoxin
can lead to cytoplasmic translocation of
bacterial factors by diffusion through the
pore (Madden et al., 2001). Finally, the
most autonomous system is that of AB
toxins, in which the A subunit is enzymati-
cally active whereas the B subunit is re-
quired for binding to the target membrane
and translocation of the A subunit into the
cytoplasm, generally following endocyto-
sis of the AB subunits. AB toxins are se-
creted by bacteria into the extracellular
medium and reach their target by diffu-
sion. In this issue of Cell Host & Microbe,
however, Spano` et al. (2008) describe
an AB toxin of Salmonella Typhi, namely
an unconventional cytolethal distending
toxin (CDT), with interesting twists in
terms of both composition and cyto-
plasmic translocation.
CDTs are three component AB toxins,
composed of CdtA, -B, and -C (Nougayr-
ede et al., 2005), first identified in Cam-
pylobacter and Escherichia species(Johnson and Lior, 1988). CdtA and -C
mediate target cell binding and mem-
brane translocation of CdtB, which then
induces DNA damage, most probably
through its nuclease activity. Transport
of CDTs from the plasma membrane to
the nucleus occurs via a retrograde trans-
port route (Guerra et al., 2005). The final
consequence of CdtB action is a cell-
cycle arrest, which in turn leads to severe
distention of cells and enlargement of the
nuclei, hence the name of this toxin family
(Figure 1A).
S. Typhi is the causative agent of ty-
phoid fever and gastroenteritis in humans
and results in approximately 200,000
deaths per year worldwide (Patel et al.,
2005). Recently, the genome of S. Typhi
was sequenced and a gene encoding
CdtB was found, which is absent in S. ty-
phimurium, a close relative of S. Typhi
(Parkhill et al., 2001). Intriguingly, theCell Host & Micgenes encoding CdtA and -C are not
present in S. Typhi. Like S. typhimurium,
S. Typhi triggers its own uptake by inject-
ing bacterial proteins, called effectors, via
one of its type III secretion systems, into
the host cell cytoplasm. Once phagocy-
tosed, Salmonella switches on a second
type III secretion system through which it
injects additional effectors, altogether
leading to the impairment of phagosome
maturation and the generation of the
Salmonella-containing vacuole, which
shares similarities with late endosomes
(Gruenberg and van der Goot, 2006).
Gala´n and coworkers showed a few years
ago that CdtB is produced by S. Typhi
only after it has been taken up by cells,
unlike CDTs produced by other bacteria
(Haghjoo and Galan, 2004). This obser-
vation suggested that Salmonella CdtB
was translocated from the Salmonella-
containing vacuole to the cytosol.Figure 1. CdtB from S. Typhi Is Secreted from the Infected Cell in a PltA/B-Dependent
Manner and Acts Then as a Classical CDT from Outside
(A) Classic CDT (CdtA, -B, and -C) is secreted by pathogens into the extracellular space, where it diffuses
and attacks target cells.
(B) In the case of S. Typhi, however, CdtB is produced with the pertussis-like toxins PltA and PltB only
inside the host cell and is then exported out of the cell via an unknown pathway. Once outside, the
CdtB-PltA/B complex can attack the same cell or distant cells.robe 3, January 2008 ª2008 Elsevier Inc. 7
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things are not that simple and actually far
more interesting (Figure 1B). The pathoge-
nicity islet encoding CdtB also contains
the open reading frames encoding two
other proteins, PltA and PltB, which, like
CdtB, are expressed only intracellularly.
PltA shares sequence similarity with the
ADP-ribosyltransferase domain of pertus-
sis toxin, and PltB shares sequence simi-
larity with one of the B subunits of that
same toxin. Whereas pertussis toxin
B subunits normally form a circular pen-
tameric complex, PltB was found to form
an unusual complex with CdtB and PltA.
This tripartite toxin was indeed the active
form of the toxin, since when produced
recombinantly and added extracellularly
to cultured cells, it induced the typical
cell distention observed with CDTs. How-
ever, Salmonella CDT (i.e., CdtB/PltA/
PltB) is only produced intracellularly, so
how does this toxin function? Spano`
et al. (2008) found that Salmonella CDT
produced intracellularly is transported, in
a PltA- and PltB-dependent manner, to
the cell surface via a vesicular mecha-
nism. Once secreted into the extracellular
medium, the toxin then acts as a classi-
cal exotoxin (Figure 1B). This exotoxin
delivery mechanism allows intracellular
Salmonella to act not only on Salmonella-
containing cells, but also on noninfected
distant cells (Figure 1B).
The identification of this noncanonical
CDT raises a number of interesting ques-
tions both in terms of pathogenesis and
eukaryotic cell biology. First, transport
from a late endocytic compartment to8 Cell Host & Microbe 3, January 2008 ª2008the cell surface is an uncommon route.
Thus, what vesicular route transports
Salmonella CDT from the Salmonella-
containing vacuole to the plasma mem-
brane? Salmonella could either induce
a new pathway or more likely hijack an
existing route as is often the case with
pathogens (Gruenberg and van der Goot,
2006). Several routes come to mind, in
particular the exosomal route, i.e., the
release of intraluminal vesicles of multive-
sicular bodies outside cells; the route
followed by major histocompatibility com-
plex class II molecules, which undergo
peptide loading in late endocytic struc-
tures and are subsequently delivered to
the plasma membrane; and the secretory
lysosome pathways. Having the produc-
tion of a virulence factor occur only intra-
cellularly might ensure proper timing of
events, and it will be interesting to know
whether other bacteria use a similar de-
livery mode for virulence factors. The au-
thors propose that Salmonella could
reside in cells lacking a receptor for the
CDT. Such cells could serve as a source
of toxin that would then act on distant
receptor-expressing cells and contribute
to persistent infection, a known phe-
nomenon for S. Typhi. Other very intrigu-
ing questions raised by this work are why
nature evolved such a sophisticated hy-
brid toxin between pertussis toxin and
a CDT and why this toxin also has ADP-
ribosylation activity.
Following the principle of Ockham’s
razor, the simplest hypothesis is the cor-
rect one. To explain the delivery of Salmo-
nella CDT a direct translocation from theElsevier Inc.Salmonella containing vacuole to the
cytoplasm was therefore put forward. An
in-depth study now reveals a completely
novel mechanism of exotoxin delivery
from the interior of the infected host
cell, nicely illustrating that the simplest
interpretation is not always correct. One
thing that is certain, however, is that
Salmonella and other bugs will continue
to surprise us.REFERENCES
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